Background: Positron emission tomography with 2-deoxy-2-[
Introduction
A previously published report estimates that 32 670 cases of oral cancer will be newly diagnosed and 6650 patients will die from the disease in the United States in 2017 (1). 2-deoxy-2-[ 18 F] fluoro-D-glucose-positron emission tomography/computed tomography (FDG-PET/CT) is a useful method to evaluate patients with oral squamous cell carcinoma (OSCC). A review article has revealed the utility of FDG-PET/CT for staging, screening of recurrent lesions, monitoring therapy and predicting prognosis (2) . The National Comprehensive Cancer Network (NCCN) guideline for cancer of the oral cavity refers to the consideration of performing FDG-PET/CT for patients with Stage III-IV disease because it may change their therapeutic strategy (3) . On the other hand, there is no statement referring to FDG-PET/CT for Stage I-II disease in this guideline. Some studies have shown the limited potential of FDG-PET/CT for detecting nodal metastases in patients of clinical N0 (cN0) (4) (5) (6) and detecting synchronous primary cancers, particularly esophageal cancer and gastric cancer (7, 8) . However, many OSCC patients enrolled in previous studies investigating the utility of FDG-PET/CT for prognosis prediction had advanced disease (9, 10) . To the best of our knowledge, one investigator has evaluated the clinical usefulness of FDG-PET/CT in patients with early lingual cancer (11) . Thus, it is unclear whether FDG-PET/CT has potential of predicting prognosis of early OSCC.
The purpose of this study was to assess the clinical usefulness of FDG-PET/CT for determining prognosis and for staging of early OSCC (cT1-2N0M0) in a large cohort.
Patients and methods
Our ethics committee approved this retrospective study (approval number: M2016-215). Written informed consent was waived.
Subjects
From June 2010 to December 2014, a total of 252 consecutive patients with early OSCC (cT1-2N0M0) underwent FDG-PET/CT prior to treatment in our hospital. Diagnosis of OSCC was confirmed histopathologically in all patients. Staging was performed by clinical examination, CT of the head and neck and chest, magnetic resonance imaging (MRI), and cervical ultrasonography (US). Although actual therapeutic strategy was decided on the basis of findings from conventional and FDG-PET/CT examinations, the patient population in this study was assessed without FDG-PET/CT findings, because one aim of this study was to confirm that additional FDG-PET/CT could enhance detection of unexpected metastatic lesions in early OSCC patients. We excluded 47 patients using the following criteria: (a) previous history of other malignant tumors in the past 5 years, (b) previous history of other head and neck cancers at any time, (c) previous history of neck dissection or radiotherapy for head and neck region, (d) hyperglycemia (>150 mg/dl), (e) age (<20 years), (f) complete resection by biopsy before FDG-PET/CT and (g) having multiple OSCC lesions at the time of FDG-PET/CT.
Finally, 205 patients (125 men, 80 women, mean age 59.7 ± 14.9 years) were enrolled in this study (Fig. 1) . Table 1 shows clinical characteristics of the enrolled patients.
FDG-PET/CT protocol
Prior to scanning, the patients were instructed to fast for at least 4 h before receiving an injection of FDG (3.7 MBq/kg). At 60 min (early phase) and 120 min (delayed phase) after the injection, PET/CT images of the head and neck (from the skull base to subclavicular area) were obtained, without breath holding, using a PET/CT system (Aquiduo, Toshiba Medical Systems, Japan). CT images for attenuation correction were acquired using a 16-row MDCT scanner with the following parameters: 120 kV, 150 mA, an FOV of 500 mm, a pitch of 15.0, and a 2.0-mm slice thickness. PET emission data were acquired in 3D mode using a full-ring PET scanner utilizing lutetium oxyorthosilicate crystals. The parameters of PET were as follows: 4 min per bed position (for 8 min total), matrix size of 256 × 256, and a gaussian filter size of 5 mm. Patients also underwent whole-body scanning at 75 min after FDG injection. Contrast medium was not used in all patients.
Image evaluation
Two nuclear medicine physicians, experienced in FDG-PET/CT assessment of head and neck cancers for 11 and 10 years, respectively, evaluated the FDG-PET/CT images of all enrolled patients. First, they visually determined whether the primary lesion had elevated FDG uptake. Generally, evaluators judged asymmetrical nodular FDG uptake in the oral cavity as positive FDG uptake. On the other hand, unclearly bound, low-to-moderate uptake matching that of a tooth was regarded as physiological or caries-related FDG uptake and judged to be negative. The evaluators were allowed to refer to non-attenuation corrected PET images to exclude dental metallic artifacts. If the lesions were judged positive for FDG uptake, their sites were identified on the fused PET/CT images. When the judgments of two evaluators were discordant, the third independent nuclear medicine physician, who had experience of FDG-PET/CT evaluation for 7 years, was asked to evaluate the FDG-PET/CT images under the same conditions and reach a consensus opinion. Thereafter, if FDG uptake was not concordant with the primary tumor site, the tumor was considered as negative for FDG uptake. For primary tumors with positive FDG uptake, maximum standardized uptake value (SUVmax), metabolic tumor volume (MTV) and total lesion glycolysis (TLG) were measured on the head and neck PET/CT images in the delayed phase (12, 13) . To calculate MTV and TLG, we used the previously published cutoff SUV of 2.5 (14, 15) .
The evaluators also judged whether cervical nodal metastasis, distant metastasis and synchronous cancer in other organs were detected by FDG-PET/CT. For evaluating cervical lymph nodes, head and neck PET/CT images were obtained during the delayed phase and judged positive for nodal metastases using the following criteria: (a) visually asymmetrical FDG uptake exceeding background, and (b) lymphadenopathy with short axis greater than 10 mm on CT. Whole-body PET/CT images were used for screening of distant metastasis and synchronous cancer.
Prognostic prediction
Recurrence free survival (RFS) was defined as the number of months from the start of treatment to recurrence confirmation and used as the clinical endpoint. The cutoff value of each PET/CT parameter in tumors with visually positive FDG uptake was determined by timedependent receiver operating characteristics (ROC) curve analysis using the free software R (version 3.4.0).
Diagnostic performance of FDG-PET/CT for detection of metastatic lesions and synchronous cancers
As the secondary purpose, we evaluated the diagnostic performance of FDG-PET/CT in early OSCC patients. The sensitivity, specificity and accuracy of detecting cervical nodal metastasis were calculated. The definite diagnosis was confirmed by pathological examination or clinical follow-up. If the cervical nodes did not increase in size or number after at least 6 months of clinical follow-up, they were considered negative for metastasis at the time of the FDG-PET/CT study. On the other hand, if cervical nodes increased in size or number within 6 months after the treatment, they were judged as positive when pathological examination confirmed metastasis, or decrease in size was observed following anticancer treatment. We calculated the frequency of distant metastasis or synchronous cancers from clinical or follow-up data.
Statistical analyses
We used SPSS version 22 (IBM, Armonk, New York) for the following statistical analyses. We used the Kaplan-Meier method to estimate RFS, followed by univariate analysis using the log-rank test to compare the difference in RFS between two groups in each category. A population for log-rank test based on semi-quantitative PET/CT parameters included only the patients with visually positive FDG uptake in primary tumors. Fisher's exact test was performed to evaluate the relationship between FDG uptake and some clinical or available pathological factors as shown in Table 2 . A P < 0.05 was considered as significant. Table 1 During the follow-up period (range 2.8-69.6 months, mean 32.9 months), patients developed local and regional recurrences (n = 10), cervical nodal metastases (n = 32) and multiple bone metastases (n = 1). Ten patients died of the following reasons: OSCC (7 patients), lung cancer (1 patient), and unknown causes (2 patients). 
Results

Prognosis prediction
By visual interpretation, 140 and 65 primary tumors were judged as positive and negative for FDG uptake, respectively. Patients with primary lesions with visually positive FDG uptake had significantly shorter RFS compared to the other (63.0 months vs. 52.9 months, P = 0.005). The mean SUVmax, MTV and TLG of 140 primary lesions with visually positive FDG uptake were 10.2 (range, 3.6-32.7), 5.9 ml (range, 0.35-33.0) and 30.6 g (range, 1.2-257.8). As shown in Fig. 2B -D, RFS tended to be shorter in patients with higher PET/CT parameter values. However, differences in RFS between the two groups divided by parameter cutoff value were not significant for all the parameters (SUVmax, 54.8 months vs. 51.5 months, P = 0.215; MTV, 56.7 months vs. 48.0 months, P = 0.125; TLG, 57.1 months vs. 46.8 months, P = 0.063). Time-dependent ROC curves are shown in Supplemental Fig. 1 . The time-dependent ROC analysis suggested that 1 year after treatment was the optimal cutoff time for tumors with visually positive FDG uptake. Although the area under the curve for SUVmax was larger than those for MTV and TLG at any timepoint, SUVmax was considered to be an unsatisfactory predictor of recurrence. As shown in Fig. 2E ,F, there were no significant differences in RFS between groups divided on the basis of clinical T and N stages (cT, 54.5 months vs. 57.3 months, P = 0.573; cN, 55.9 months vs. 55.9 months, P = 0.599).
Relationship between FDG uptake and clinical or pathological findings
Pathological findings of surgical specimen were available by medical chart review in 165 patients. After excluding 22 patients due to any treatment between FDG-PET/CT and surgery, 143 patients were enrolled in the statistical analysis. Pathological T stage was judged as pT1 in 84 patients (58.7%), pT2 in 46 patients (32.2%), pT3 in two patients (1.4%), pT4a in 10 patients (7.0%), and pT4b in one patient (0.7%). Tumor thickness was 4.4 ± 3.8 mm (range, 0.2-20 mm). Yamamoto-Kohama (YK) classification was judged as YK-1 in six patients (4.2%), YK-2 in 36 patients (25.2%), YK-3 in 65 patients (45.5%), YK-4C in 33 patients (23.1%) and YK-4D in two patients (1.4%). Table 2 shows the relationship between positivity of FDG uptake and patients' clinical or pathological factors. Some pathological factors (pT, tumor thickness, YK classification and vascular invasion) showed significant correlation with FDG uptake (P < 0.05).
Diagnostic performance of FDG-PET/CT for detection of metastatic lesions and synchronous cancers
Neck dissection or cervical nodal biopsy had been performed in 68 patients, and 16 patients were pathologically judged to have cervical nodal metastasis. In addition, 15 patients were judged positive for metastasis by clinical follow-up. Totally, 31 patients were judged to have cervical nodal metastasis at the time of FDG-PET/CT. Table 3 shows the diagnostic performance of FDG-PET/CT for N staging. The sensitivity, specificity and accuracy of FDG-PET/CT for cervical nodal metastases were 32.3% (95% CI, 19.3-47.8), 77.6% (95% CI, 75.3-80.4) and 70.7% (95% CI, 66.8-75.4).
There were no patients in whom distant metastases were detected in FDG-PET/CT.
Unexpected synchronous cancers were detected in 14 patients (Table 4) . FDG-PET/CT could detect eight synchronous cancers (3.9%), however, overlooked two esophageal cancers, one gastric cancer, one colorectal cancer, one hepatocellular carcinoma and one uterine cervical cancer.
Discussion
This single center study evaluated the clinical performance of FDG-PET/CT using a cohort including only the early OSCC patients (cT1-2N0M0).
Some studies have shown that FDG-PET/CT parameters have potential for predicting prognosis of OSCC patients (9, 10, 14, 15) . Tumor thickness and perineural invasion were conjectured to be prognosticators of early OSCC in other studies (16, 17) . Our study revealed that FDG-PET/CT could also be used to predict RFS even though limited to patients with early OSCC. Patients with visually positive FDG uptake in the primary tumor showed significantly shorter RFS. However, when dividing patients with visually positive FDG uptake to two groups on the basis of SUVmax, MTV and TLG, no significant difference in RFS could be discerned between the groups with higher or lower parameter. Semi-quantitative PET/ On the other hand, our study revealed that not only the size but also several pathological factors of primary tumor contributed to visually positive FDG uptake. Compared to conventional imaging studies, FDG-PET/CT may reflect more detailed tumor characteristics. It is possible that these points led significant difference of RFS between patients with visually positive and negative FDG uptake in primary tumors.
Two meta-analyses showed that FDG-PET/CT has sensitivity of 66% (4) and 50% (18) for detecting cervical nodal metastases in cN0 patients. Our study showed a lower sensitivity than them (32.3%). However, we excluded patients who were judged as having cervical nodal metastases by not only physical examination but also other imaging modalities such as CT, MRI and US. With sufficient screening for cervical lymph node metastases, the performance of FDG-PET/CT is considered to be limited for early OSCC. FDG-PET/CT overlooked some synchronous cancers in our study. Particularly, endoscopic screening for detection of esophageal cancer and gastric cancer cannot be disregarded in OSCC patients (7, 8, 19) . Thus, we conclude that benefit of FDG-PET/CT for staging of early OSCC patients is limited. Our study had some limitations. First, because this was a retrospective study, there may have been a selection bias caused by FDG-PET/CT indication and treatment selection. Second, because the primary tumors were small in our cohort, the number of patients with tumor recurrence was even smaller. Third, some cervical nodal metastases were diagnosed by clinical follow-up; therefore, whether nodal metastases actually existed at the time of FDG-PET/CT is unclear in these cases.
In conclusion, although its utility for staging is limited, FDG-PET/CT is potentially prognostic indicator in patients with early OSCC (cT1-2N0M0). 
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